INTRODUCTION Electrocardiographic
abnormalities, first described by Rathery, Mollaret, and Sterne (1934) in association with Friedreich's ataxia, have been the subject of many reports.
In the first large series of ECG studies, Evans and Wright (1942) noted one case of complete heart block, and ST-T changes in approximately 30 percent of 38 patients. Boyer et al (1962) , in the study of 31 ECG tracings, found major electrocardiographic abnormalities in more than half, with atrial flutter or fibrillation in three and prominent ST-T changes in 16. In the most thorough evaluation of the cardiopulmonary involvement in Friedreich's ataxia, Thoren (1964) observed ECG changes in more than 90% of 49 tracings recorded at rest: sinus tachycardia in 17, atrial fibrillation or flutter in three, ventricular and supraventricular hypertrophy in eight, left ventricular hypertrophy in 10, and minor or major ST-T changes in 41. Only three patients had a normal ECG at rest. He concluded that the following ECG changes predominate in those patients most severely affected with Friedreich's ataxia: atrial tachyarrythmias, right-axis deviation, and right ventricular hypertrophy. In agreement with Evans (1942) , he also noted similar ECG alterations in affected members of the same family.
Vectocardiographic (VCG) studies in the cardiomyopathy of Friedreich's ataxia have rarely been reported. Gregorini et al (1974) , in the study of 10 cases, reported abnormal ECG findings in five of 10 patients but abnormal VCG patterns in all patients compatible with diffuse myocardial damage.
CASE MATERIAL AND METHODS Thirty-five standard 12-lead electocardiograms and vectocardiograms of 36 patients with typical Friedreich's ataxia (Groups la and lb) were available for analysis by two different observers. The vectocardiographic tracings were recorded by the Frank system using either a Hewlett-Packard 1520-A model recorder or computer derived, using the three orthogonal scalar leads X, Y and Z recorded simultaneously with the ECG (Marquette Electronic Co.). The interpretations of ECG and VCG were in accordance with accepted norms for all age groups (Chew, 1967; Benchimol, 1973 ). When voltage criteria for different types (ABC) of right ventricular hypertrophy were not present, the term "pattern" was used to describe the abnormal inscription of the QRS loop. Two such unusual patterns were seen with surprising frequencies, reflecting combinations of parts of the well described types ABC. We have called these patterns A + B and A + C. Minor electrocardiographic ST-T changes were either flattened or biphasic T waves, major ST-T changes, negative T waves with or without ST-segment depression or elevation.
RESULTS AND DISCUSSION
The results of our investigations are detailed in Table 1 and summarized in Table 2 .
Sinus tachycardia was present in 20% of patients at rest. This finding Vol. 3, No. 4 
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•p-*i--TJ iL -. has been reported by others, and Thoren (1964) also noted an abnormally high and rapid rise in heart rate in the standing position and during a light stress test. Various hypotheses have been proposed, including myocardial disease, decreased venous return, prolonged inactivity, abnormal oxygen transport or utilization, and disorders of the central neurovegetative tone.
Atrial flutter or fibrillation was observed in two patients and had been documented transiently in one other. All had severe neurological involvement including one who died during the course of the study. The incidence of supraventricular tachyarrythmias is much higher in the large necropsy studies of Friedreich's ataxia, increasing to 30% of cases (Boyer et al, 1962; Ivemark and Thoren, 1964; Hewer, 1968) . The development of atrial flutter or fibrillation usually signifies, as with many cardiopathies, marked myocardial damage and clinical deterioration. Cardiogenic pulmonary and cerebral emboli and congestive heart failure are frequent terminal complications of this disease.
Frequently noted in previous studies, atrial or ventricular premature beats were not observed in our patients. Electrocardiographic and vectocardiographic signs of right ventricular hypertrophy were the most frequently observed abnormalities, present in 17 (ECG) and in 25 (VCG) of the 35 available tracings, including two with biventricular hypertrophy. This high incidence of RVH (60% of VCG) exceeds previous reports where left ventricular hypertrophy (LVH) was more frequent (Thoren, 1964) (Figures I to  7) . In only one case was LVH noted (Figure 3 ). (Bahl and Massie, 1972) . In two (cases 4 and 30, Group la) of our 13 cases studied hemodynamically significant left ventricular outflow tract obstruction was documented at rest (78 mmHg and 60 mmHg), but both had ECG and VCG compatible with RVH ( Figure 6 ). In one case (Case 23, Group la) a discrete (13 mmHg) right intraventricular systolic gradient was observed. In other diseases with spinocerebellar degeneration and ataxia, such as Charcot-Marie or Roussy-Levy syndromes, significant ECG and VCG changes are not found. Therefore, ECG and VCG findings may be of some help in the differential diagnosis. However, similar ECG patterns of RVH have been described in Duchenne's pseudo-hypertrophic muscular dystrophy. Steinert's disease or myotonic dystrophy, on the other hand, is characterized by atrioventricular and intraventricular i t conduction defects (Perloff, 1972) .
The pathophysiology of these severe ECG changes has yet to be elucidated, but all of the following probably contribute: diffuse myocardial fibrosis with intraventricular depolarization abnormalities and varying degrees of concentric and asymmetrical septal hypertrophy. The moderate to severe dorsal scoliosis frequently present may not be a significant factor (Shack, 1971) . Anatomically, the right ventricle is usually normal or slightly hypertrophied. Minor and major ST-T changes and right-axis deviation were also noted as the sole abnormalities in 13 (ECG) and six (VCG) patients (Figure 7) . The abnormalities are not specific and are found in many cardiomyopathies. Four ECG and three VCG were normal, but in only one patient were both ECG and VCG normal.
In accordance with previous reports (Evans and Wright, 1942; Thoren, 1964) , affected members of the same family did show similar but not identical ECG and VCG changes (Figure 1, 2, 5, 6, 7) .
It has been suggested that some parallel exists between the severity of the neurological impairment and ECG abnormalities. We could not, however, document such a relationship. The ECG of the three patients with a slight handicap showed major ST-T changes in one, RVH in the second, and LVH in the third. On the other hand, the only patient with both normal ECG and VCG was severely incapacitated.
The time at which the ECG and VCG changes appear in this progressive neurological disease has not been determined. It is possible that they may precede significant neurological signs by many years, as demonstrated by the case described by Ruschhaupt et al (1972) with symptomatic obstructive hypertrophic cardiomyopathy and initially few neurological signs or symptoms.
